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GLOSSARY
Axial Anatomy - the axial section of the human 
skeleton comprising the skull, 
spinal column, sternum, and 
ribs.
Biomechanics -
Center of Gravity -
Concentric Contraction -
Discometry -
the study of mechanical 
principles and laws as they 
relate to the study of the human 
organism.
the point where all forces are 
concentrated and equal zero.
The center of gravity of a body 
is described as its balance or 
pivot point.
a muscle contraction involving 
the shortening of the muscle 
fibers with the origin and 
insertion approximating.
the measure of various 
physiological, morphological, 
and pathological functions and 





a muscle contraction involving 
the lengthening of muscle fibers 
with the origin and insertion 
separating.
the cause, change, or stoppage 
of motion, of a body.
force exerted within the 
abdominal wall and measured in 
weight per unit of area.
a variable or accomodating 
resistance throughout a full 
range of motion.
xii
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Isometric Contraction - a static form of resistance
performed at a constant speed 
(0 degrees/sec“l).
Isotonic Contraction - 
Power -
Proprioception -
Range of Motion -
Torque - 
Work -
a form of anatomical movement 
against a constant resistance.
the rate at which work is done.
a designation of bodily sensory 
stimuli produced by organs 
sensitive to movement.
the excursion through which an 
extremity moves about a joint.
the turning effect of force.
the product of the amount of 
force expended and the distance 
through which the force succeeds 
in overcoming a resistance.
xiii
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ABSTRACT
The Effects of Various Lumbar/Sacral Back 
Support Systems upon Human Peak Muscular 
Force, Total Work, and Average Power
Michael Lee Woodhouse 
Old Dominion University, 1987 
Director:
The purpose of the present investigation was to study 
the effects of two lumbar/sacral back supports upon peak 
muscular force, total work, and average power. Subjects 
consisted of ten well conditioned male volunteers with an 
age range of 21-35 years. Each subject volunteered 
individually to participate and was required to read and 
sign an inform consent form prior to participating in the 
investigation.
The investigative design was quasi-experimental with 
a repeated measures (treatment-by-subjects) methodology. 
Each subject experienced three testing treatments to 
include each lumbar/sacral support and one without. The 
testing protocol consisted of three isokinetic back testing 
devices developed by Cybex, Incorporated. The performance 
tasks consisted of the Cybex Trunk/Extension (TEF), Trunk 
Rotation (TR) and Lifttask (LT) testing systems. A total 
of nine treatments were given for each of the ten subjects
xiv
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for a total of ninety treatments.
The resultant data were subjected to analyses of 
variance (ANOVA) with repeated measures. A post-hoc 
Scheffe test was incorporated in the event a significant F- 
ratio was demonstrated. Omega Squared values followed to 
determine the effect level of the treatments upon the 
selected work performance variables.
Results indicated that there were no statistically 
significant effects existing for peak force, total work, or 
average power with the two lumbar/sacral back supports 
recorded during the following measures: Lifttask sequences
of 24, 30, 36 inches per second; trunk extension at 30, 60, 
90, and 120 degrees per second; right trunk rotation at 60, 
90, 120 and 150 degrees per second; peak torque for left 
trunk rotation at 90 and 120 degrees per second; total work 
and average power for left trunk rotation at 60, 90, 120, 
and 150 degrees per second; and trunk flexion of average 
power at 60, 90 and 120 degrees per second.
Significance did exist for trunk flexion of peak 
torque at 30 degrees per second (p<.01); 90 degrees per 
second (p<.01); and 120 degrees per second (p<.04); trunk 
flexion of peak torque at 60 degrees per second was 
marginally significant (p<.09); trunk flexion of total work 
at 30 degrees per second (p<.008); 60 degrees per second 
(p<.03); 90 degrees per second (p<.03); and 120 degrees per 
second (p<.02). Trunk flexion of average power at 30
xv
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
degrees per second (£<.007); left trunk rotation of peak 
torque at 150 degrees per second (p<.02); and left trunk 
rotation of peak torque at 60 degrees per second was found 
to be marginally significant (p<.08).
Changes in simulated lifting tasks relative to 
certain trunk flexion and left trunk rotation movements 
were determined to be significantly different. Scheffe's 
test for variable mean differences determined the 
experimental brace to be significantly different from the 
CompVest and/or controlled conditions in a majority of the 
various significant experimental observations. Omega 
Squared values were noted to be high for all significant 
and marginally significant performance tasks. It was 
concluded that the experimental brace employed in the 
present investigation was statistically different from the 
CompVest and controlled conditions during specific trunk 
flexion and left trunk rotation movements and may hold 
certain implications as an appropriate low back support.
xv i
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EPIGRAPH
Why, on what lines will you look, Socrates, for a 
thing of whose nature you know nothing at all? Pray, what 
sort of thing, amongst those that you know not, will you
treat us to as the object of your search? Or even
supposing, at the best, that you hit upon it, how will you
know it is the thing you did not know?
Plato's Meno
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CHAPTER I 
INTRODUCTION
Musculoskeletal disorders constitute the most common 
impairment in both male and female populations.! Disorders 
of the back and spine make up the largest fraction of the 
total category of musculoskeletal problems ranking second 
only to circulatory pathologies.2 Measured by the frequen­
cies of claims reported to Workman's Compensation offices, 
these conditions rank first in cost outlays by industry.2 
As a result, musculoskeletal disorders are among the most 
important disease categories affecting both industrial 
economies and various United States' health reimbursement 
systems.
Given the premise of the present research problem, 
additional controlled information regarding the developmen­
tal causes of back injury is recommended. Rationale for 
this premise is based on the fact that low back pain is the 
most common cause of absence from work in today's work 
force. It has also been estimated that twenty percent of 
all occupational injuries in the United States are back 
related.4 The estimated cost approximates thirty billion 
dollars annually.5
As the average age of the work force increases over
1
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2
the next several decades, so also will the incidence of 
back injuries. It should be recognized that low back 
problems are not peculiar to only older populations.® 
Related symptoms of back problems have been diagnosed to 
occur between the ages of twenty and thirty-five years of 
age.? Peak frequency of back problems appears in a 
person's 40's.® It is estimated that seventy to eighty 
percent of the world's population will have suffered this 
type of orthopaedic problem sometime during their life.®
Additional difficulty arises when the related cost of 
back problems occur. Taken into account the average 
hospital cost, salary compensation, disability payments, 
and replacement expenses, the backache poses itself as a 
destructive pathology in the American workplace.
The etiology of back injuries are directly related to 
muscular-skeletal disuse and misuse syndromes, as well as, 
the incidence of unpreventable trauma.10 Chronic stress 
and strain demonstrated over periods of years account for 
most degenerative related back pathologies. The results of 
general muscular-skeletal disuse and misuse manifests 
eventual disruption of the vertebral bodies resulting in 
micro-fractures, herniation, and disc degeneration. In 
order to control these related problems orthopaedically and 
contain medical related costs, back safety and injury 
prevention measures have been emphasized for control.11
The prevention of industrial back injuries have
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
centered primarily on three basic strategies. Worker 
screening or pre-job screening is presently utilized to 
identify related risk factors that may predispose back 
trauma. Body dimensions, to include abdominal girth, 
percent body fat, age, sex, history of back pathology or 
related herniation, and muscular-skeletal strength, 
endurance, and power of the worker have been utilized to 
identify individuals for job placement or replacement.12 
Due to the methods often associated with pre-job screening, 
it is anticipated that such practices will eventually be 
discontinued due in part to the nature of the screening 
procedures and their implied discriminating judgment.
Employee education accounts for the most widely 
accepted method of reducing back injuries.13 proper 
lifting tasks and body mechanic techniques are readily 
available with appropriate instructional materials to 
develop back safety programs. Essentially, body mechanic 
lifting tasks entails three basic principles: (1) lowering
the body's center of gravity (COG) while keeping the head 
and back straight; (2) displacing weight with the COG 
intersecting a wide base of support; and (3) displacing 
weight with minimal paravertebral spinal muscle involve­
ment. unfortunately, the accuracy of the methods 
employed are not always evident and improper lifting 
techniques may continue for extended periods without 
incidence of injury. It is therefore postulated that
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
strict adherence is essential to avoid injury; yet, no 
causative evidence exists to demonstrate education's objec­
tivity in preventing the occurrence of back injury. Also, 
such pedagogical techniques do not always account for all 
variables in lifting tasks or the incidence of unpre- 
ventable back trauma.
Other preventive measures have included ergonomic 
assessment of work environments. Lifting tasks have been 
transferred from human involvement to machine or robot with 
great success.15 Environmental adaptations also demon­
strates significant benefit for sharply reducing the 
incidence of back trauma. Such assessment and environmen­
tal modifications are not always practical nor recognized 
and the continuance of manual materials handling with 
resultant back trauma continues.
Taken into consideration the magnitude of the 
problem, additional means appears to be necessary to 
control spinal movement safely and in such a way as to cue 
proper lifting mechanics consistently. Such a device or 
technique would encompass a back support system. The 
device should be designed to support spinal areas of 
compressive and shearing force, while proprioceptively 
cuing the wearer to lift properly.
The purpose of this investigation is to test the 
effects of various lumbar/sacral back support systems upon 
selected human performance variables. The analysis is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
quantitative in nature. Past investigative methods have 
supported qualitative studies with representativeness and 
external validity being somewhat limited in scope.
It, therefore, becomes the intent of the investiga­
tion to test the effects of lumbar/sacral back support 
systems upon the quantitative measures of peak muscular 
force, total work, and average power. Resultant data can 
help affirm if such related measures offer any prophylactic 
value in pursuing such investigative efforts for controll­
ing the incidence of back related trauma. The present 
investigation will contribute significantly to the science 
of human performance, industrial medicine, and health care. 
Of particular interest is the potential impact on the 
urban/industrial environment with consideration given to: 
reducing worker absenteeism, reducing lost work days, 
containment of liability insurance premiums for municipali­
ties and private industry, reducing physician and hospital 
related costs, reducing the severity of a back injury, 
modifying human behavior by proprioceptively reinforcing 
proper lifting techniques for manual material workers to 
include municipal labor (e.g. city public works, recrea­
tion, fire departments, etcetera) and private industry, 
reducing worker salary compensations, reducing worker 
related disability payments, and reducing worker replace­
ment expenses.
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6
Statement of the Problem 
The purpose of the investigation is to study the 
effects of various lumbar/sacral back support systems upon 
human peak muscular force, total work, and average power. 
The analyses of the selected work performance variables are 
indicative of the total quantitative forces generated 
during simulated human lifting tasks. Interpretation of 
work tasks performed will consist of measurements obtained 
by three back testing systems as developed by Cybex.
Research Questions and Hypotheses 
Research Questions: The following research questions
are proposed for the present investigation.
1. What are the effects of lumbar/sacral restraint 
upon human peak muscular force, total work, and 
average power?
2. What are the effects of free lumbar/sacral spinal 
movement upon human peak muscular force, total 
work, and average power?
Hypotheses: Fifty-seven null hypotheses are proposed
for the present investigation stating that:
1. There will be no significant effects of various 
lumbar/sacral back support systems upon human 
peak muscular force demonstrated in spinal 
flexion/extension (30°/sec~l, 60°/sec- ,̂ 
90°/sec“l, 120°/sec”l); trunk rotation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(60°/sec-1, 90°/sec-1, 120°/sec-1, 150°/sec-1); 
and free body lifting (24"/sec-1,, 30"/sec-1,
36"/sec-1).
2. There will be no significant effects of various 
lumbar/sacral back support systems upon total 
work demonstrated in spinal flexion/extension 
(30°/sec-1, 60°/sec1, 90°/sec-1, 120°/sec-1); 
trunk rotation (60°/sec-1/ 90°/sec-1, 120®/sec-1, 
150°/sec-1); and free body lifting (24"/sec-1, 
30"/sec-1, 36"/sec-1).
3. There will be no significant effects of various 
lumbar/sacral back support systems upon average 
power demonstrated in spinal flexion/extension 
(30°/sec-1, 60°/sec-1, 90o/sec-1, 120°/sec-1); 
trunk rotation (60°/sec-1, 90°/sec-1, 120°/sec-1, 
150°/sec-1); and free body lifting (24"/sec-1, 
30"/sec-1, 36"/sec-1).
Significance of the Study
Additional controlled information has been expressly 
recommended and significantly warranted for a quantitative 
study of the effects of spinal restraint upon human lifting 
performance variables.1  ̂ A thorough literature review 
reveals a dearth of sound research concerning the effects 
of lumbar/sacral back support systems relative to con­
tributing any prophylactic value in controlling the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
incidence of back related trauma. Much of the available 
information and study has been significantly deficient in 
controlled methodology resulting in low scientific value. 
Unfortunately, this type of misinformation is utilized by 
manufacturers for advertisement purposes, suggesting to the 
uninformed that such products may produce ergogenic 
results.
One of the claims made by a back support manufacturer 
(Comp Equipment Corporation, St. Paul, Minnesota) is that 
their product will increase worker productivity by provid­
ing a broad lower-back and abdominal support system. ^  
Experimentally controlled investigations have noted only 
questionable results on several parameters related to 
physical lifting activities. There does not appear to be 
any research indicating suitable quantitative effects of 
the CompVest back support system as a prophylactic device 
to reduce back related trauma. Consequently, a quasi- 
experimentally designed study utilizing a repeated measures 
(treatment-by-subjects) methodology with selected human 
performance variables should help to fill this void.
Given the problem of ascertaining quantitatively 
human kinetics under the conditions of spinal restraint, 
the present investigation blocks for extraneous variables 
confounding results in an objective manner. Upon review of 
the consequences attributed to back injury in urban 
environments, it is believed that the present study would
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contribute considerably to the advancement of biomechanical 
science and perhaps offer practical application to 
industrial medicine, human performance, and health care.
General Methodology
The investigation utilized a repeated measures 
methodology (treatment-by-subjects) quasi-experimental 
design where all treatments were counterbalanced. Subjects 
for the investigation consisted of ten physically condi­
tioned male volunteers who were assigned to various 
treatment tasks. All testing procedures were performed at 
the Leigh Memorial Hospital Kinetix Center in the summer of 
1987. All subject involvement within the investigation was 
voluntary. Each subject was required to read and sign an 
informed consent form prior to participation in the study 
(appendix A). Each subject received a physical examination 
that included roentgen rays of the lumbar/sacral joint 
preceeding testing to determine any contraindications to 
the simulated lifting tasks.
Subjects for the investigation were required to meet 
certain somatotype criteria for proper fit of the lumbar/ 
sacral back support systems. Several preliminary periods 
of instruction and simulated lifting practice were given 
with each subject for familiarization of the investigative 
protocol. Subjects for the investigation were required to 
perform three testing treatments during a one day session
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and repeat the three testing treatments during three 
separate occasions. Each subject experienced the three 
testing treatments with each lumbar/sacral back support 
system and without any back restraining device. A total of 
nine treatments were given for each of the ten subjects for 
a total of ninety treatments. During the test sequence, 
subjects were instructed to give a maximal effort. Verbal 
coaching was given during all tests for all subjects. 
Subjects' identity remained anonymous throughout the full 
investigation and upon completion. Environmental condi­
tions as to location, time, temperature, and sequences of 
testing remained constant throughout the entire study.
Limitations
Identification of limitations placed on this study 
were as follows:
1.. No Intra-abdominal pressures were recorded for 
analysis during this investigation.
2. No intra-discal pressures were recorded for 
analysis during this investigation.
3. No electromyography was utilized during this 
investigation.
Assumptions
The following assumptions were made throughout the 
investigation.
1. Each subject performed maximally during each of
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the testing sessions.
2. All subjects followed the prescribed rules and 
procedures of the investigative protocol.
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CHAPTER II
REVIEW OF THE LITERATURE
There is a plethora of information concerning 
musculoskeletal impairments and its effect on health care 
and industrial medical environments. In particular, back 
and spinal pathologies make up a considerable portion of 
the related muscular skeletal conditions. Unfortunately, 
there appears to be little information pertaining to the 
use of prophylactic back supports and the effects on human 
body lifting. The following review represents an analysis 
of the available literature relative to the effects of 
spinal restraint and its effect on simulated lifting tasks.
Theoretically Related Research 
Lifting Styles and Electromyography 
Previous studies,1 utilizing both strict experimental 
design and invasive technology, propound changes in 
specific muscle groups following manipulation in human 
lifting styles. Physiological and biomechanical effects of 
human lifting and lowering tasks have also been demonstra­
ted with significant effects related to conventional large 
muscle lifting styles.2 The theoretical premise for 
effectuating physiological changes in lifting has also been
14
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demonstrated through the use of electromyography3 and 
detailed anatomic cadaver studies.4 Increases in electri­
cal activity are customarily demonstrated in those skeletal 
muscle groups considered to be prime movers during various 
lifting techniques. For example, paraspinal muscle 
strength has been demonstrated to be higher than abdominal 
muscle strength when comparing trunk muscles relative to 
isokinetic testing, training, and lifting.5
The theoretical basis, therefore, for adapting 
lifting styles relative to encompassing large skeletal 
muscle groups can be well substantiated with past experi­
mental results.
Lifting Styles and Intra-Abdominal 
Pressure Changes
Troup, Leskinen, Stalhammar, and Kuorinka, demon­
strated changes in intraabdominal pressure (IAP) following 
kinematic reviews of six different lifting and lowering 
styles.^ IAP was reported to be of particular interest 
since IAP was found to be less in lifting/lowering tech­
niques where the trunk was flexed than when the axial 
anatomy was used in a position nearer to the vertical. 
Additionally, IAP's were significantly higher for a forward 
kinetic lift (FKL) than in any other lift or lower demon­
strated in the investigation. Specifically, when comparing 
mean differences between the FKL and the two stage leg lift 
(2SLL) a significant level of difference between means was
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noted (p<.001). When comparing mean differences between a 
load kinetic lift (LKL), a trunk kinetic lift (TKL) and a 
FKL, a significant level of difference between means were 
demonstrated for IAP (p<.05). Peak IAP was noted to be 
significant when comparing mean differences between a LKL 
and a 2SLL (p<.01).
IAP changes are considered, therefore, essential in 
increasing lumbar/sacral support by transferring a truncal 
load from the back to the abdominal cavity.
Vertebral Disc Changes with Age and Motion 
Kramer? reported that significant biochemical changes 
in the vertebral disc can have an effect on the biomechan­
ics of spinal motion. Specifically, fluid shifts within 
the disc are essential to maintaining an equilibrium 
between tissue biosynthesis and lysis. An exchange of 
fluids are then critical and appear to be promoted by 
intradiscal pressures. Consistent with clinical observa­
tion, experimental results agree that slipped discs occur 
usually between thirty to fifty years of age.8 The 
rationale for the increases in intradiscal pressures can be 
attributed to changes in intervertebral tissue with age.
Thus, previous effects demonstrating a significant 
change following variances in lifting styles and age offers 
presumptive rationale to suggest a continuance for further 
experimental investigation controlling for spinal movement.
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A relationship exists, therefore, between previous experi­
mentally designed investigations utilizing invasive 
technology and non-invasive quantitatively controlled 
studies of testing various lumbar/sacral spinal muscula­
tures upon selected human performance variables.
Lumbar/Sacral Research 
Back Support Systems 
The effects of lifting on the lumbar vertebrae and 
disc have been adequately demonstrated.9 Conclusions 
presented by Hart1^ relative to the use of inflatable 
corsets note that during forced flexion, abdominal pres­
sures become elevated more than during flexion without a 
corset. Electromyographic activity of the abdominal muscle 
groups are also lower while corsets are worn despite intra­
abdominal pressure to be the same. Previous experimental 
results, therefore, note that intra-abdominal pressures are 
not necessarily altered by the use of a corset, but 
electromyographic activity of abdominal groups is 
decreased. Nevertheless, intra-abdominal pressure provides 
a means to allow the vertebrae and disc to withstand 
lifting compression and shear pressures that would normally 
crush a vertebrae under in vitro situations.
Jones, McEvoy, Mills, Nash, and Perkins11 inves­
tigated the effects of a restrictive device (CompVest back 
support) on stress in the lumbar region of the back.
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Utilizing three male volunteers, electromyographic record­
ings were taken of paraspinal muscle activity during 
simulated lifting tasks on a leg ergonometer. Subjects 
were tested under three conditions; once without a brace, 
once with the brace applied loosely, and once with the 
brace properly fitted. The rationale for incorporating a 
condition of demonstrating performance with a loosely 
fitted brace was to test a placebo effect of the back 
support system. Utilizing an analysis of variance, results 
indicated that the CompVest back support device tested 
imposes a significant change in the stress detected in the 
lumbar region of the back.
The objective of the investigation was to test the 
effects of brace tightness upon stress in the lumbar 
region. Any effort that would occur would be attributed to 
the effects of placebo. A significant effect (p<.01) was 
found in the upper lumbar region between not wearing the 
brace and wearing it loosely. Thus, the investigators' 
hypothesis was supported. Results also noted significance 
(p<.05) between not wearing the vest and wearing it 
properly. It was assumed that the vest was effective due 
to both a placebo and or actual effect of the vest.
Wû -2 tested the effects of the CompVest back support 
in manual lifting tasks. The investigation utilized two 
male volunteers. Subjects stood erect on a force plate and 
utilized the "freestyle" posture to lift a weighted box (0,
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30, 60, and 90 pounds) from the floor to a 30 inch high 
shelf. The weighted box was 18 x 12.25 x 5.5 inches and 
had handles. High speed cinamatography was located 
perpendicular to the right side of the subject for record­
ing and later analysis. Subjects performed the stated 
tasks with and without the CompVest. Descriptive statis­
tics were formulated from the available data. The 
conclusions drawn from the study by the investigator 
suggested that the CompVest back support affects the 
lifting posture. In summary, Wu,13 reported that one must 
bend more at the waist when not wearing the vest than when 
wearing the vest support system, resulting in increased 
compressive forces, shear forces, and abdominal pressures. 
Intra-abdominal pressure was concluded to increase while 
wearing the CompVest Back support. This is considered to 
be a positive effect.
Considerations in Lumbar/Sacral Restraints 
Previous investigations included the use of invasive 
technology and generalized the main effects of safe lifting 
based on a manipulation of lifting styles, quantified by 
electromyography, orally ingested pressure-sensitive radio 
transducers, discometry, and kinematic principles. The 
present study offers the theoretical bases of controlling 
spinal movement through lumbar/sacral bracing and quantita­
tively measuring human performance variables relative to
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simulated lifting tasks.
Specifically, the CompVest back support purports to 
be a prophylactic device with considerable advantages 
associated with being cost effective, comfortable, and 
practical. Jones^ an<3 wû -5 report specific positive 
results relative to performance variables associated with 
wearing the CompVest. Such a basis suggest certain 
ergogenic qualities in wearing back support systems by 
manual material workers in order to reduce the incidence of 
back related trauma.
The intent of restraining lumbar/sacral motion to 
produce significant main effects upon peak muscular force, 
total work, and power are inherent in the traditional goals 
of lumbar o r t h o s e s . l ®  The rationale for restraining spinal 
motion rest upon the immobilization of the spine to include 
an increase in intra-abdominal pressure to support the 
spine, proprioceptive effects, and postural maintenance.
The theoretical basis for developing a back support to 
compare with the presently marketed CompVest and a con­
trolled condition entailed the alteration of human peak 
muscular force, total work, and average power demonstrated 
in simulated lifting tasks with a rigid type belt and 
abdominal pad. The alteration of peak force, total work, 
and average power productions suggest, implications that an 
axial load may be transferred from the spine to the 
abdominal cavity by increasing IAP; thus, reducing
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intradiscal pressure consistent with reducing the incidence 
of injury relative to posture and age. Ultimately, this 
procedure would assist in proprioceptively cuing one to 
maintain the axial anatomy more nearer to the vertical for 
safe lifting technique.
Irrespective of performances demonstrated between the 
treatment groups, the rationales for increases or decreases 
in human kinetics against a control were interpreted upon 
the bases of psycho/physiological responses following the 
application of lumbar/sacral bracing or biomechanical 
principles, respectively. Subjects' willingness during 
treatment to increase muscular kinetic response may 
theoretically be based on the presumptive logic that the 
subjects feel safe or well supported while wearing a 
lumbar/sacral brace and perform lifting tasks uninhibited 
against a control. Conversely, decreases in muscular 
kinetics with a brace application may theoretically note 
lumbar/sacral spinal containment and or resultant neuromus­
cular pain as being the sole biomechanical reason for 
limiting kinetic forces against a control.
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CHAPTER III
METHODOLOGY
The purpose of this investigation is to study the 
effects of two lumbar/sacral back support upon human peak 
muscular force, total work, and average power.
Sample Description and General 
Testing Protocol
Subjects for the investigation consisted of ten well 
conditioned male volunteers. All testing was done on an 
individual basis by the principal investigator during the 
summer of 1987 in the Kinetix Center at Leigh Memorial 
Hospital, Norfolk, Virginia. Each subject was required to 
read and sign an informed consent form, in the presence of 
a witness, for participation in the study. The study was 
approved by Old Dominion University's Human Subject 
Committee and Leigh Memorial Hospital. Also, each subject 
received a physical examination to include roentgen rays of 
the lumbar/sacral joint prior to testing in order to 
determine any contraindications during the simulated 
lifting tasks.
Subjects for the investigation were required to meet 
certain somatotype criteria for proper fit of the two 
lumbar sacral back support systems. Descriptive data of
24
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the subjects' heights, weights, ages, and pelvic/waist 
measures are described in table one. Means and standard 
deviations of subjects' height, weight, age, and 
pelvic/waist measures are described in table two. Pelvic 
and waist measures were taken on each subject by the 
principal investigator for fabrication guidelines of the 
investigator's experimental lumbar/sacral back support.
The circumferential measures were obtained at an anatomical 
mid-point between the anterior supreior illiac spine and 
the greater trochanter of the femur. The fabrication of 
the experimental brace was performed by Booden Orthopaedic 
Company, Norfolk, Virginia. The second experimental brace 
(CompVest back support) was donated by CompEquipment 
Corporation, St. Paul, Minnesota. A total of three 
experimental braces were fabricated by Booden Orthopaedic 
Company to accomodate for subject size variances. Four 
CompVests (small, medium, large, x-large) were donated by 
CompEquipment Corporation to account for differences in 
subjects' waist and hip measurements.
Several preliminary periods of instruction and 
simulated lifting practices were given with each subject 
for familiarization of the investigative protocol.
Subjects for the investigation were required to perform 
three testing treatments during a one day session and to 
repeat the three testing treatments during three separate 
occasions. A seven day rest interval was given for each
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
TABLE 1
DESCRIPTIVE DATA OF SUBJECTS
Subjects Height/in. 
(cm)
Weight/lbs.Ife) ' Age Waist/in.(cm)
AG 75 259.75 24 44
(190.5) (116.8) (111.7)
SP 69 157 35 32
(175.2) (70.6) (81.2)
GE 69.5 178 23 34.5
(176.5) (80.1) (87.6)
RT 70 189 21 34
(177.8) (85) (86.3)
DB 72 161.5 25 34
(182.8) (72.6) (86.3)
JW 68.75 140.5 27 33.5
(174.6) (63.2) (85)
AH 67.75 135.25 28 32.5
(172) (60.8) (82.5)
DB 68.5 163 21 33
(173.9) (73.3) (83.8)
WW 73 182 29 34.5
(185.4) (76.5) (87.6)
TD 65.75 170 26 33
(167) (76.5) (83.8)
subject. Each subject experienced the three testing
treatments with each lumbar/sacral back support system and
without any back restraining device. A total of nine 
treatments were given for each of the ten subjects for a 
total of ninety treatments. Subjects were instructed in
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TABLE 2
MEANS AND STANDARD DEVIATIONS OF 




Height 69.92 in. 2.71 in.
(177.57 cm) (6.89 cm)
Weight 173.60 lbs. 34.74 lbs.
(78.08 kg) (15.62 kg)
Waist 34.50 in. 3.43 in.
(87.58 cm) (8.73 cm)
Age 25.90 years 4.20 years
warm-up exercises prior to testing and to give a maximal 
effort during the test sequence. Verbal coaching was given 
during all tests for all subjects by the investigation's 
tester. A licensed physical therapist served as this 
study's tester and administered each test with each subject 
throughout the study to limit confounding relative to 
experimenter expectation. The testing protocol is 
described in table three. Each test sequence involved the 
subject performing four trial repetitions. Each subject 
was instructed to perform three submaximal and one maximal 
effort prior to the test repetitions. This is a standard 
protocol on the Cybex Back System. Subjects' identity 
remained anonymous. Environmental conditions as to




Protocol for Lifttask (LT)
Speed 24 in/sec-1 30 in/sec-1 36 in/sec-1
Repetitions 3 3 3
Rest Period 15 sec 15 sec 15 sec
Protocol for Trunk Extension/Flexion (TEF)
Speed 30°/sec“l 60°/sec_1 90°/sec-^ 120°/sec“l
Repetitions 5 5 5 8
Rest Period 15 sec 15 sec 15 sec 15 sec
Protocol for Torso Rotation (TR)
Speed 60°/sec”l 90°/sec"l 120°/sec'-1 150°/sec"l
Repetitions 4 4 4 7
Rest Period 15 sec 15 sec 15 sec 15 sec
location, time of testing, temperature, and sequences of 
testing remained constant throughout the study.
Independent Variables 
CompVest Back Support 
Four CompVests manufactured and marketed by 
CompEquipment Corporation, St. Paul, Minnesota served as 
one of the back support systems for the investigation. The 
supports are made of a lightweight nylon mesh with anterior 
velcro closures. The support is worn about the waist and
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pelvis and is available in various sizes. Sizes and 
anatomical measurements are provided by CompEquipment 
Corporation, St. Paul, Minnesota.1
The support is contoured from a 7 (17.7 cm) to 9 
(22.8 cm) inch lateral to posterior back with flexible 
aluminum stays. The support is 3 1/2 (8.8 cm) to 6 3/4 
(17.1 cm) inches from anterior to lateral with velcro 
closures. Lateral to anterior the support is designed to 
provide a second closure bilaterally. The bilateral 
closures are made of elastic velcro tabs. The velcro tabs 
enables for adequate suspension, subjective comfort, and 
tightness of the support. Additional features included 
adjustable back crossing elastic suspenders. This enables 
the wearer to loosen the brace while resting without having 
the support slip or fall from the waist and pelvis. The 
support, machine washable, is easily donned and doffed.
Experimental Back Support
Three experimental back supports were fabricated by a 
licensed orthotist, Booden Orthopaedic Company, Norfolk, 
Virginia. The back supports were fabricated within a range 
of three sizes, [32-36 inches (81.2 cm-91.4 cm); 36-39 
inches (91.4 cm-99 cm); 39-44 inches (99 cm-111.7 cm)] to 
accomodate variables in subjects' pelvis and waist 
measurements. The supports are made of leather with a 
plastic and high density foam abdominal pad. The support
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
is worn similar to a belt about the waist and pelvis and is 
adjustable anteriorly with velcro closures.
The support is contoured with a 3 1/2 (8.8. cm) to 5 
(12.7 cm) inch posterior back. The posterior leather 
support from lateral to posterior is 1/4 inch (.6 cm) in 
thickness. The support is 3 (7.6 cm) to 3 1/2 (8.8 cm) 
inches from anterior to lateral and is 1/8 (.6 cm) inch in 
thickness. Anteriorly the support provides an oblong 
shaped abdominal pad. The pad is 5 3/4 (14.6 cm) inches 
from the vertical and 8 1/4 (20.9 cm) inches wide. The 
abdominal pad is 3/8 (.9 cm) of an inch in thickness and 
fabricated with plastic and high density foam. The pad is 
adjustable to the wearer with velcro backing sown to the 
anterior portion of the support. The abdominal pad is 
designed to provide an opposing force about the abdominal 
cavity while not making contact with either portion of the 
anterior superior or inferior illiac spines. The pad is 
also fabricated to provide an opposing force between an 
area superior to the pubis and just above or below the 
umbilicus.
The support is worn about the waist and pelvis and 
secured with 2 (5 cm) inch wide velcro straps. The straps 
are sown to the anterior left portions of the support and 
meets with a 2 1/4 (12.8 cm) inch metal loop and keeper 
sown onto the right side of the support. This provides for 
variance in subject's comfort relative to the degree of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
31
looseness or tightness. The support is easily donned and 
doffed by the wearer.
Dependent Variables 
The three dependent variables were peak muscular 
force, total work, and average power. All measurements 
were obtained from three Cybex Back Testing Systems.
The method of gathering data was taken independently 
by the principal investigator utilizing the back testing 
devices as developed by Cybex. The performance tasks 
consisted of the Cybex trunk extension/flexion (TEF), 
trunk-rotation (TR), and lifttask testing (LT) systems. 
Resistance in movement was isokinetic. Calibration of the 
Cybex TEF and TR testing systems were in degrees per 
second. Calibration of the Cybex Lifttask Testing System 
was in inches per second. Quantitative force measurements 
(torque) for both the Cybex TEF and TR systems were 
measured in foot-pounds. Quantitative force measurements 
for the Cybex Lifttask System is in pounds per linear inch. 
Power is measured as average watts.
General Design 
Ten male subjects performed three tests for each of 
the three treatment sessions. The treatment sessions were 
separated by a seven day rest interval to arrest any 
probable muscle soreness that may occur and to operation­
ally provide convenience for testing at Leigh Memorial
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
Hospital's Kinetix Center. Individually, nine tests were 
performed by each subject for a total of ninety treatments 
for the ten subjects.
A quasi-experimental design with a repeated measures 
(treatment-by-subjects) methodology was employed with 
treatments being counterbalanced throughout the entire 
investigation. The order of treatments were unknown to the 
subjects. Each week a subject was scheduled for three 
separate tests in accordance with the appropriate treat­
ment. Upon completion of each seven day interval period, 
the procedure was repeated.
Subjects followed the prescribed procedures and rules 
of the study and each subject participated for twenty-one 
days. The administration of the treatments was performed 
by the principal investigator. The administration of the 
testing sequences was performed by a licensed physical 
therapist.
Analysis of Procedures 
Data collected within this investigation were sub­
jected to one-way analyses of variance with repeated 
measures. A post-hoc Scheffe test was employed to make 
mean comparisons when a significant F-ratio was demon­
strated. Omega Squared procedures followed a significant 
F-ratio for additional insight and clarification into the 
effect of the investigative model and/or independent
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variable upon the selected performance variables. All 
statistical work-up was performed at the Old Dominion 
University Computer Center, Norfolk, Virginia.
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CHAPTER IV 
RESULTS AND DISCUSSIONS
The purpose of the present investigation was to 
examine the effects of various lumbar/sacral back support 
systems upon human peak muscular force, total work, and 
average power. Each of the paramaters measured were 
evaluated by means of an Analysis of Variance (ANOVA) with 
repeated measures. A step-wise post-hoc Scheffe test was 
employed to make mean comparisons in the event a 
significant F-ratio was demonstrated. Omega Squared values 
followed each significant repeated measure ANOVA to 
determine the effect level of the investigative model/ 
independent variable.
Results
The results are reported and examined from three 
separate viewpoints: (a) Peak torque, total work, and
average power demonstrated in isokinetic trunk extension/ 
flexion (TEF); (b) Peak torque, total work, and average 
power demonstrated in isokinetic left/right trunk rotation 
(TR); and (c) peak force, total work, and average power 
demonstrated in an isokinetic lifttask (LT). The 
performance tasks consisted of the Cybex TEF, TR, and LT
35
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systems. Resistances in the various movement patterns were 
isokinetic. Calibration of the Cybex TEF and TR systems 
were in degrees per second. Calibration of the Cybex LT 
system was in inches per second. Quantitative force 
measurements (torque) for both the Cybex TEF and TR systems 
were measured in foot-pounds. Quantitative force measure­
ments for the Cybex LT system is described in pounds per 
linear inch. Power is measured as average watts.
Trunk Extension/Flexion (TEF)
Means and Standard deviations are presented in tables 
4-9 for the various isokinetic resistanes demonstrated in 
TEF. No significant findings relative to peak torque, 
total work, or average power were demonstrated for the 
various isokinetic resistances employed for trunk extension 
(tables 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21).
No significant differences were noted in trunk flexion of 
average power at 60, 90, and 120 degrees per second (tables 
22-24). Significance was noted in trunk flexion for peak 
muscular torque at 30, 90, and 120 degrees per second 
(tables 25, 26, 27). Torque at 60°/sec“  ̂ for trunk flexion 
was marginally significant (p<.09) (table 28). Signifi­
cance was demonstrated in trunk flexion for total work at 
30, 60, 90, and 120 degrees per second (tables 29, 30, 31, 
32). Average power in trunk flexion at 30°/sec“l was found 
to be highly significant (p<.007) (table 33).
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TABLE 4
MEANS AND STANDARD DEVIATIONS FOR TRUNK
FLEXION OF PEAK TORQUE AT 30, 60, 90,









30 157.40 148.20 164.40
(45.31) (37.97) (40.84)
60 147.00 142.80 152.90
(38.39) (45.61) (34.70)
90 147.00 137.70 149.40
(39.54) (39.05) (33.66)
120 143.60 134.50 147.20
(44.28) (37.67) (29.40)
*Values Expressed in Foot Pounds
TABLE 5
MEANS AND STANDARD DEVIATIONS FOR TRUNK 
EXTENSION OF PEAK TORQUE AT 30, 60,









30 237.00 238.90 228.90
(93.06) (78.37) (81.39)
60 226.20 225.50 222.50
(80.73) (74.87) (71.91)
90 215.70 217.40 213.10
(72.34) (74.06) (65.13)
120 202.90 199.40 199.60
(56.54) (62.31) (62.73)
*Values Expressed in Foot Pounds
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TABLE 6
MEANS AND STANDARD DEVIATIONS FOR TRUNK
FLEXION OF TOTAL WORK AT 30, 60, 90,
AND 120 DEGREES PER SECOND*
Speed Mean/SD Mean/SD Mean/SD
Degrees/Sec“1 CompVest Experimental Brace Control
30 193.50 181.60 200.90
(60.67) (53.69) (54.25)
60 180.30 175.40 190.00
(48.94) (54.53) (43.63)
90 174.10 169.30 182.60
(47.70) (48.63) (41.22)
120 168.50 161.50 175.60
(46.32) (45.78) (38.81)
♦Values Expressed in Foot Pounds
TABLE 7
MEANS AND STANDARD DEVIATIONS FOR TRUNK
EXTENSION OF TOTAL WORK AT 30, 60,
90, AND 120 DEGREES PER SECOND*
Speed Mean/SD Mean/SD Mean/SD
Degrees/Sec“1 CompVest Experimental Brace Control
30 273.60 278.00 265.90
(96.53) (82.02) (85.35)
60 254.70 263.30 256.70
(88.88) (83.78) (83.32)
90 246.30 250.30 244.70
(78.59) (81.20) (73.24)
120 227.40 224.90 225.30
(66.51) (69.57) (77.40)
♦Values Expressed in Foot Pounds
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TABLE 8
MEANS AND STANDARD DEVIATIONS FOR TRUNK
FLEXION OF AVERAGE POWER AT 30, 60,









30 90.30 84.50 94.00
(27.98) (25.04) (26.86)
60 170.00 167.80 184.00
(44.47) (49.34) (39.21)
90 246.40 240.70 259.90
(64.71) (67.66) (60.04)
120 320.00 307.10 334.10
(83.16) (83.66) (76.01)
*Values Expressed in Watts
TABLE 9
MEANS AND STANDARD DEVIATIONS FOR TRUNK 
EXTENSION OF AVERAGE POWER AT 30, 60, 









30 128.10 130.60 125.10
(44.08) (37.78) (41.62)
60 245.40 248.44 234.80
(76.19) (78.83) (74.75)
90 349.80 357.60 349.00
(107.97) (114.98) (104.63)
120 432.20 428.50 429.40
(121.66) (129.13) (148.75)
*Values Expressed in Watts
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TABLE 10
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION
OF PEAK TORQUE AT 30 DEGREES PER SECOND
Source SS df MS F P
Total 193493.86 29
Subjects 176084.53 9
Treatments 638.86 2 319.43 .34 <.714
Error 16770.46 18 931.69
TABLE 11
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION 
OF PEAK TORQUE AT 60 DEGREES PER SECOND
Source SS df MS F P
Total 155751.86 29
Subjects 149503.86 9
Treatments 77.26 2 38.63 .11 <.894
Error 6170.73 18 342.81
Total work at 30°/sec“l for trunk flexion was also found to 
be highly significant (p<.008) (Table 29). Step-wise 
Scheffe tests for trunk flexion of peak torque and total 
work at 30, 60, 90, and 120 degrees per second are presen­
ted in tables 34-41. Scheffe's test for trunk flexion
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TABLE 12
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION
OF PEAK TORQUE AT 90 DEGREES PER SECOND
Source SS df MS F P
Total 134757.20 29
Subjects 129399.20 9
Treatments 93.80 2 46.90 .16 <.853
Error 5264.20 18 292.45
TABLE 13
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION OF 
PEAK TORQUE AT 120 DEGREES PER SECOND
Source SS df MS F P
Total 99226.96 29
Subjects 96602.96 9
Treatments 77.26 2 38.63 .27 <.764
Error 2546.73 18 141.48
TABLE 14
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION 
OF TOTAL WORK AT 30 DEGREES PER SECOND
Source SS df MS F P
Total 210743.50 29
Subjects 196125.50 9
Treatments 750.20 2 375.10 .49 <.622
Error 13867.80 18 770.43
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TABLE 15
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION
OF TOTAL WORK AT 60 DEGREES PER SECOND
Source SS df MS F P
Total 197181.36 29
Subjects 191129.36 9
Treatments 405.06 2 202.53 .65 <.536
Error 5646.93 18 313.71
TABLE 16
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION 
OF TOTAL WORK AT 90 DEGREES PER SECOND
Source SS df MS F P
Total 163384.70 29
Subjects 156716.03 9
Treatments 166.40 2 83.20 .23 <.796
Error 6502.26 18 361.23
TABLE 17
ANALYSIS OF VARIANCE 
OF TOTAL WORK AT 120
FOR TRUNK EXTENSION 
DEGREES PER SECOND
Source SS df MS F P
Total 137341.46 29
Subjects 132926.13 9
Treatments 36.06 2 18.03 .07 <.928
Error 4379.26 18 243.29
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TABLE 18
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION OF
AVERAGE POWER AT 30 DEGREES PER SECOND
Source SS df MS F P
Total 46087.86 29
Subjects 42644.53 9
Treatments 151.66 2 75.83 .41 <.666
Error 3291.66 18 182.87
TABLE 19
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION OF
AVERAGE POWER AT 60 DEGREES PER SECOND
Source SS df MS F P
Total 153248.20 29
Subjects 122506.12 9
Treatments 993.98 2 496.99 .28 <.756
Error 29748.09 18 1749.88
TABLE 20
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION OF 
AVERAGE POWER AT 90 DEGREES PER SECOND
Source SS df MS F P
Total 322925.46 29
Subjects 266990.71 9
Treatments 795.41 2 397.70 .13 <.879
Error 55139.33 18 3063.29
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TABLE 21
ANALYSIS OF VARIANCE FOR TRUNK EXTENSION OF
AVERAGE POWER AT 120 DEGREES PER SECOND
Source SS df MS F P
Total 482538.96 29
Subjects 405917.55 9
Treatments 74.46 2 37.23 .01 <.991
Error 76546.95 18 4252.60
TABLE 22
ANALYSIS OF VARIANCE FOR TRUNK FLEXION OF 
AVERAGE POWER AT 60 DEGREES PER SECOND
Source SS df MS F p
Total 55103.86 29
Subjects 36485.78 9
Treatments 1544.26 2 772.13 00• <•458
Error 17073.81 18 948.54
TABLE 23
ANALYSIS OF VARIANCE FOR TRUNK FLEXION OF 
AVERAGE POWER AT 90 DEGREES PER SECOND
Source SS df MS F p
Total 113286.00 29
Subjects 76266.66 9
Treatments 1944.60 2 972.30 oin <.615
Error 35074.73 18 1948.59
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TABLE 24
ANALYSIS OF VARIANCE FOR TRUNK FLEXION OF
AVERAGE POWER AT 120 DEGREES PER SECOND
Source SS df MS F P
Total 180899.20 29
Subjects 122741.20 9
Treatments 3647.40 2 1823.70 .60 <.558
Error 54510.60 18 3028.36
TABLE 25
ANALYSIS OF VARIANCE FOR TRUNK FLEXION OF 
PEAK TORQUE AT 30 DEGREES PER SECOND
Source SS df MS F P
Total 47798.60 29
Subjects 44387.33 9
Treatments 1320.26 2 660.13 5.68 <.012




VARIANCE FOR TRUNK 
AT 90 DEGREES PER
FLEXION OF 
SECOND
Source SS df MS F P
Total 38764.30 29
Subjects 36760.30 9
Treatments 763.80 2 381.90 5.54 <.013
Error 1240.20 18 68.90
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TABLE 27
ANALYSIS OF VARIANCE FOR TRUNK FLEXION OF
PEAK TORQUE AT 120 DEGREES PER SECOND
Source SS df MS F P
Total 39063.36 29
Subjects 36082.70 9
Treatments 856.86 2 428.43 3.63 <.047
Error 2213.80 18 117.98
TABLE 28
ANALYSIS OF VARIANCE 
PEAK TORQUE AT 60
FOR TRUNK FLEXION OF 
DEGREES PER SECOND
Source SS df MS F P
Total 43345.36 29
Subjects 41138.70 9
Treatments 514.86 2 257.43 2.74 <.091




VARIANCE FOR TRUNK 
AT 30 DEGREES PER
FLEXION OF 
SECOND
Source SS df MS F P
Total 87472.00 29
Subjects 82882.00 9
Treatments 1896.20 2 948.10 6.34 <.008
Error 2693.80 18 149.65
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TABLE 30
ANALYSIS OF VARIANCE FOR TRUNK FLEXION OF
TOTAL WORK AT 60 DEGREES PER SECOND
Source SS df MS F P
Total 66560.70 29
Subjects 63029.36 9
Treatments 1104.20 2 552.10 4.09 <.034




VARIANCE FOR TRUNK 
AT 90 DEGREES PER
FLEXION OF 
SECOND
Source SS df MS F P
Total 57966.66 29
Subjects 55000.00 9
Treatments 907.26 2 453.63 3.96 <.037




VARIANCE FOR TRUNK 
AT 120 DEGREES PER
FLEXION OF 
SECOND
Source SS df MS F P
Total 52727.46 29
Subjects 49890.80 9
Treatments 994.06 2 497.03 4.86 <.020
Error 1842.60 18 102.36
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TABLE 33
ANALYSIS OF VARIANCE FOR TRUNK FLEXION OF
AVERAGE POWER AT 30 DEGREES PER SECOND
Source SS df MS F P
Total 19649.20 29
Subjects 18551.86 9
Treatments 458.60 2 229.30 6.46 <.007
Error 638.73 18 35.48
TABLE 34
SCHEFFE'S TEST FOR VARIABLE DIFFERENCES IN 
TRUNK FLEXION OF PEAK TORQUE AT 
30 DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 9.2 3.64 <.072
EB vs C 16.2 11.3 <.003
CV vs C 7.0 2.11 <.163
CV = CompVest
EB = Experimental Brace
C = Control
of average power at 30°/sec“l is presented in table 42. 
Results indicate the experimental brace condition to be 
significantly different from the CompVest or control within 
the following categories: Trunk flexion of peak torque at
30°/sec“ -̂ (p<.003); 60°/sec-  ̂ (p<.031); 90°/sec~l (p<.022); 
and 120°/sec-1 (p<.017); trunk flexion of total work at
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TABLE 35
SCHEFFE'S TEST FOR VARIABLE DIFFERENCES IN TRUNK 
FLEXION OF PEAK TORQUE AT 60 
DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 4.20 .94 <.345
EB vs C 10.1 5.43 <.031
CV vs C 5.90 1.85 <.190
CV = CompVest
EB = Experimental Brace
C = Control
TABLE 36
SCHEFFE*S TEST FOR VARIABLE DIFFERENCES IN TRUNK
FLEXION OF PEAK TORQUE AT
90 DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 9.3 6.28 <•022
EB vs C 11.7 .42 <.526
CV vs C to • .42 <.526
CV = CompVest
EB = Experimental Brace
C = Control
30°/sec“l (p< .002); 60°/sec-  ̂ (p<.011); 90°/sec~l 
(p<.012)and 120°/sec”l (p<.006); trunk flexion of average 
power at 30°/sec“  ̂ (p<.002). Omega Squared values for 
trunk flexion of peak torque, total work, and average power
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TABLE 37
SCHEFFE'S TEST FOR VARIABLE DIFFERENCES IN 
TRUNK FLEXION OF PEAK TORQUE AT 
120 DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 











CV = CompVest 




SCHEFFE'S TEST FOR VARIABLE DIFFERENCES 
TRUNK FLEXION OF TOTAL WORK AT 
30 DEGREES PER SECOND
IN
Contrast Mean Difference F P
CV vs EB 











CV = CompVest 
EB = Experimental Brace
C = Control
are presented in tables 43-45. Results indicate a high 
level of effect demonstrated by the treatments on the 
performance variables.
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TABLE 39
SCHEFFE'S TEST FOR VARIABLE DIFFERENCES IN TRUNK 
FLEXION OF TOTAL WORK AT 60 DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 4.90 .89 <.357
EB vs C 14.6 7.90 <•011
CV vs C 9.70 3.49 <.078
CV = CompVest 




SCHEFFE'S TEST FOR VARIABLE DIFFERENCES IN TRUNK 
FLEXION OF TOTAL WORK AT 90 DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 4.80 1.01 <.328
EB vs C 13.3 7.73 <.012
CV vs C 8.5 3.16 <.092
CV = CompVest 
EB = Experimental 
C = Control
Brace
Left and Right Trunk Rotation (TR)
Means and standard deviations are presented in tables 
46-51 for the various isokinetic resistances demonstrated 
in both left and right trunk rotation. No significant 
findings relative to total work or average power were
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TABLE 41
SCHEFFE'S TEST FOR VARIABLE DIFFERENCES IN 
TRUNK FLEXION OF TOTAL WORK AT 
120 DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 











CV = CompVest 






TEST FOR VARIABLE DIFFERENCES 
FLEXION OF AVERAGE POWER AT 
30 DEGREES PER SECOND
IN
Contrast Mean Difference F P
CV vs EB 











CV = CompVest 
EB = Experimental Brace
C = Control
demonstrated for left and right TR at 60, 90, 120, and 150 
degrees per second (Tables 52-67). No significant results 
were noted for right TR of peak torque at 60°/sec~l; 
90°/sec-1, (tables 68, 69); left trunk rotation of peak
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TABLE 43
OMEGA SQUARED VALUES FOR TRUNK FLEXION OF 








OMEGA SQUARED VALUES FOR TRUNK FLEXION 








torque at 90°/sec-1 (Table 70); right and left TR of peak 
torque at 120°/sec-1, (tables 71, 72); right TR of peak 
torque at 150®/sec-1 (table 73). Torque for left TR at 
150°/sec-1 was found to be statistically significant 
(p<.026) (table 74). Peak torque for left TR at 60°/sec-1 
was found maginally significant (p<.084) (table 75). 
Scheffe1s test for left TR at 60°/sec-1 noted a significant
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TABLE 45
OMEGA SQUARED VALUES FOR TRUNK FLEXION OF




MEANS AND STANDARD DEVIATIONS FOR LEFT ROTATION 
OF PEAK TORQUE AT 60, 90, 120,









60 128.70 135.40 142.20
(34.11) (40.56) (41.66)
90 134.70 134.10 136.00
(38.46) (36.15) (37.17)
120 125.90 128.50 130.60
(31.88) (36.69) (37.44)
150 128.10 118.90 125.50
(29.66) (33.15) (32.66)
♦Values Expressed in Foot Pounds
difference between the CompVest and the controlled 
condition (p<.028) (table 76). Scheffe's test for left TR 
at 150°/sec"l noted significance between the CompVest and 
the experimental brace (p<.009) (table 77). Omega squarred 
values for left TR of peak torque at 60 and 150 degrees per 
second are described in table 78. Results indicate a high
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TABLE 47
MEANS AND STANDARD DEVIATIONS FOR RIGHT ROTATION 
OF PEAK TORQUE AT 60, 90, 120,









60 126.80 131.80 135.40
(29.42) (31.34) (36.06)
90 133.00 134.90 137.40
(37.98) (34.17) (36.49)
120 134.70 134.10 136.00
(38.46) (36.15) (37.17)
150 130.90 126.10 129.40
(31.81) (29.53) (31.99)
♦Values Expressed in Foot Pounds
TABLE 48
MEANS AND STANDARD DEVIATIONS FOR LEFT ROTATION 
OF TOTAL WORK AT 60, 90, 12Q 









60 123.40 123.80 132.80
(33.16) (34.28) (39.25)
90 127.20 124.60 128.10
(35.37) (33.99) (36.63)
120 119.60 119.30 120.60
(29.16) (35.61) (34.57)
150 118.70 113.00 114.80
(27.91) (34.15) (29.82)
♦Values Expressed in Foot Pounds
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TABLE 49
MEANS AND STANDARD DEVIATIONS FOR RIGHT 
ROTATION OF TOTAL WORK AT 60, 90, 120, 









60 124.80 127.60 130.70
(27.63) (30.84) (35.78)
90 128.80 126.60 128.10
(34.08) (29.94) (31.72)
120 121.10 124.30 125.50
(25.31) (34.35) (33.07)
150 119.60 116.90 118.20
(31.27) (28.98) (30.48)
♦Values Expressed in Foot Pounds
TABLE 50
MEANS AND STANDARD DEVIATIONS FOR RIGHT 
ROTATION OF AVERAGE POWER AT 60, 90, 









60 127.80 132.00 134.90
(26.92) (31.03) (36.96)
90 200.10 197.60 200.00
(50.90) (45.32) (49.38)
120 252.60 259.40 262.60
(51.51) (70.84) (68.58)
150 292.80 286.36 285.44
(100.48) (82.43) (87.55)
♦Values Expressed in Watts
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TABLE 51
MEANS AND STANDARD DEVIATIONS FOR LEFT 
ROTATION OF AVERAGE POWER AT 60, 90,
120, AND 150 DEGREES PER SECOND*
Speed Mean/SD Mean/SD Mean/SD
Degrees/Sec-1 CompVest Experimental Brace Control
60 126.40 127.30 136.80
(32.75) (35.59) (40.48)
90 197.40 194.50 199.60
(52.94) (52.33) (56.54)
120 249.30 249.00 252.50
(59.27) (73.82) (72.31)
150 293.40 279.20 275.70
(94.36) (103.33) (73.79)
♦Values Expressed in Watts
TABLE 52
ANALYSIS OF VARIANCE FOR RIGHT ROTATION 
OF TOTAL WORK AT 60 DEGREES PER SECOND
Source SS df MS F P
Total 27136.30 29
Subjects 24932.30 9
Treatments 174.20 2 87.10 .77 <•476
Error 2029.80 18 112.76
level of effect demonstrated by the back supports upon the 
selected performance of peak torque.
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TABLE 53
ANALYSIS OF VARIANCE FOR LEFT ROTATION OF
TOTAL WORK AT 60 DEGREES PER SECOND
Source SS df MS F P
Total 34910.66 29
Subjects 32091.33 9
Treatments 565.06 2 282.53 2.26 <.133
Error 2254.26 18 125.23
TABLE 54
ANALYSIS OF VARIANCE 
TOTAL WORK AT 90
FOR RIGHT ROTATION OF 
DEGREES PER SECOND
Source SS df MS F P
Total 27612.16 29
Subjects 25962.83 9
Treatments 25.26 2 12.63 .14 <.870
Error 1624.06 18 90.22
TABLE 55
ANALYSIS OF VARIANCE 
TOTAL WORK AT 90
FOR LEFT ROTATION OF 
DEGREES PER SECOND
Source SS df MS F P
Total 33808.96 29
Subjects 32580.30 9
Treatments 66.06 2 33.03 .51 <.608
Error 1162.60 18 64.58
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TABLE 56
ANALYSIS OF VARIANCE FOR RIGHT ROTATION OF 
TOTAL WORK AT 120 DEGREES PER SECOND
Source SS df MS F P
Total 26336.96 29
Subjects 24869.63 9
Treatments 103.46 2 51.73 .68 <.517
Error 1363.86 18 75.77
TABLE 57
ANALYSIS OF VARIANCE 
TOTAL WORK AT 120
FOR LEFT ROTATION OF 
DEGREES PER SECOND
Source SS df MS F P
Total 29838.16 29
Subjects 28659.50 9
Treatments 9.26 2 4.63 .07 <.931
Error 1169.40 18 64.96
TABLE 58
ANALYSIS OF VARIANCE 
TOTAL WORK AT 150
FOR RIGHT ROTATION 
DEGREES PER SECOND
OF
Source SS df MS F P
Total 24759.36 29
Subjects 23633.36 9
Treatments 36.46 2 18.23 .30 <.743
Error 1089.53 18 60.52
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TABLE 59
ANALYSIS OF VARIANCE FOR LEFT ROTATION OF
TOTAL WORK AT 150 DEGREES PER SECOND
Source SS df MS F P
Total 25689.50 29
Subjects 24654.16 9
Treatments 169.80 2 84.90 1.77 <.199
Error 865.53 18 48.05
TABLE 60
ANALYSIS OF VARIANCE 





Source SS df MS F P
Total 27739.36 29
Subjects 25345.36 9
Treatments 254.86 2 127.43 1.07 <.363
Error 2139.13 18 118.84
TABLE 61
ANALYSIS OF VARIANCE 





Source SS df MS F P
Total 44392.97 29
Subjects 39655.47 9
Treatments 417.19 2 208.59 1.45 <.250
Error 4320.30 18 144.01
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TABLE 62
ANALYSIS OF VARIANCE FOR RIGHT ROTATION OF
AVERAGE POWER AT 90 DEGREES PER SECOND
Source SS df MS F P
Total 63809.36 29
Subjects 59961.36 9
Treatments 40.06 2 20.03 .09 <.910
Error 3807.93 18 211.55
TABLE 63
ANALYSIS OF VARIANCE FOR LEFT 
AVERAGE POWER AT 90 DEGREES
ROTATION OF 
PER SECOND
Source SS df MS F P
Total 78790.16 29
Subjects 75489.50 9
Treatments 130.86 2 65.43 .37 <.694
Error 3169.80 18 176.10
TABLE 64
ANALYSIS OF VARIANCE FOR RIGHT 
AVERAGE POWER AT 120 DEGREES
ROTATION OF 
PER SECOND
Source SS df MS F P
Total 111918.80 29
Subjects 104917.46 9
Treatments 521.60 2 260.80 .72 <.498
Error 6479.73 18 359.98
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TABLE 65
ANALYSIS OF VARIANCE FOR LEFT ROTATION OF
AVERAGE POWER AT 120 DEGREES PER SECOND
Source SS df MS F P
Total 127805.86 29
Subjects 121626.53 9
Treatments 75.26 2 37.63 .11 <.895
Error 6104.06 18 339.11
TABLE 66
ANALYSIS OF VARIANCE FOR RIGHT ROTATION OF
AVERAGE POWER AT 150 DEGREES PER SECOND
Source SS df MS F P
Total 220489.36 29
Subjects 141528.03 9
Treatments 316.99 2 158.49 .04 <.964
Error 78644.33 18 4369.12
TABLE 67
ANALYSIS OF VARIANCE FOR LEFT 
AVERAGE POWER AT 150 DEGREES
ROTATION OF 
PER SECOND
Source SS df MS F P
Total 227005.36 29
Subjects 143283.36 9
Treatments 1757.26 2 878.63 .19 <.826
Error 81964.73 18 4553.59
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TABLE 68
ANALYSIS OF VARIANCE FOR RIGHT ROTATION
OF PEAK TORQUE 60 DEGREES PER SECOND
Source SS df MS F P
Total 28714.66 29
Subjects 25873.33 9
Treatments 373.06 2 186.53 1.36 <.281
Error 2468.26 18 137.12
TABLE 69
ANALYSIS OF VARIANCE FOR RIGHT ROTATION OF 
PEAK TORQUE AT 90 DEGREES PER SECOND
Source SS df MS F P
Total 35584.70 29
Subjects 31542.03 9
Treatments 97.40 2 48.70 .22 <.802
Error 3945.26 18 3945.26
TABLE 70
ANALYSIS OF VARIANCE FOR LEFT ROTATION OF 
PEAK TORQUE AT 90 DEGREES PER SECOND
Source SS df MS F P
Total 37543.86 29
Subjects 34946.53 9
Treatments 18.86 2 9.43 .07 <.936
Error 2578.46 18 143.24
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TABLE 71
ANALYSIS OF VARIANCE FOR RIGHT ROTATION OF
PEAK TORQUE AT 120 DEGREES PER SECOND
Source SS df MS F P
Total 37543.86 29
Subjects 34946.53 9
Treatments 18.86 2 9.43 .07 <.936
Error 2578.46 18 143.24
TABLE 72
ANALYSIS OF VARIANCE FOR LEFT ROTATION OF
PEAK TORQUE AT 120 DEGREES PER SECOND

















ANALYSIS OF VARIANCE 
PEAK TORQUE AT 150
FOR RIGHT ROTATION OF 
DEGREES PER SECOND
Source SS df MS F P
Total 26292.80 29
Subjects 23556.80 9
Treatments 120.60 2 60.30 .42 <.666
Error 2615.40 18 145.30
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TABLE 74
ANALYSIS OF VARIANCE FOR LEFT ROTATION OF
PEAK TORQUE AT 150 DEGREES PER SECOND
Source SS df MS F P
Total 27868.16 29
Subjects 26518.83 9
Treatments 449.86 2 224.93 4.50 <.026
Error 899.46 18 49.97
TABLE 75
ANALYSIS OF VARIANCE FOR LEFT ROTATION OF
PEAK TORQUE AT 60 DEGREES PER SECOND
Source SS df MS F P
Total 41819.36 29
Subjects 38020.70 9
Treatments 911.26 2 455.63 2.84 <•084
Error 2887.40 18 160.41
Lifttask (LT)
Means and standard deviations are presented in tables 
79-81 for the various LT demonstrated at 24, 30, and 36 
inches per second of isokinetic resistance. No significant 
findings were noted for peak muscular force, total work, 
average power (tables 82-90).
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TABLE 76
SCHEFFE'S TEST FOR VARIABLE DIFFERENCES IN LEFT
TRUNK ROTATION OF PEAK TORQUE AT
60 DEGREES PER SECOND
Contrast Mean Difference F P
CV vs EB 








CV = CompVest 




SCHEFFE'S TEST FOR VARIABLE DIFFERENCES 
TRUNK ROTATION OF PEAK TORQUE AT 
150 DEGREES PER SECOND
IN LEFT
Contrast Mean Difference F P
CV vs EB 









EB = Experimental Brace
C = Control
Discussion
The use of isokinetic equipment in the evaluation of 
the lumbar spine is well substantiated.^ The reliability 
of isokinetic measures has also been reported by Perrin.2 
Using a Cybex isokinetic dynamometer, Perin tested and 
retested fifteen college students on various extremity
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
67
TABLE 78
OMEGA SQUARED VALUES FOR LEFT TRUNK ROTATION








MEANS AND STANDARD DEVIATIONS FOR LIFTTASK










24 315.00 310.00 318.50
(80.17) (62.59) (91.26)
30 308.70 319.20 297.80
(71.62) (65.33) (72.44)
36 299.10 290.10 289.50
(68.64) (71.35) (69.79)
♦Values Expressed in Pounds
performance tasks. Results indicated the highest 
reliability coefficients were found for peak torque, torque 
acceleration energy (TAE), average power, and total work 
measures. The isokinetic measures were obtained with a 
Cybex isokinetic dynamometer interfaced with a Cybex data 
reduction computer.3 The procedures for data compilation
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TABLE 80
MEANS AND STANDARD DEVIATIONS FOR LIFTTASK










24 635.40 622.90 628.10
(186.19) (148.64) (199.21)
30 631.40 621.30 581.80
(182.18) (146.84) (157.08)
36 599.60 570.00 582.70
(167.10) (144.52) (137.32)
♦Values Expressed in Pounds
TABLE 81
MEANS AND STANDARD DEVIATIONS FOR LIFTTASK 










24 623.50 616.50 592.80
(175.62) (122.06) (178.22)
30 732.60 766.60 712.20
(211.32) (177.16) (271.01)
36 857.40 835.50 822.80
(235.54) (207.22) (229.94)
♦Values Expressed in Watts
were similar to those employed in the present back testing 
investigation.
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TABLE 82
ANALYSIS OF VARIANCE FOR LIFTTASK OF
PEAK FORCE AT 24 INCHES PER SECOND
Source SS df MS F P
Total 168429.50 29
Subjects 150796.16 9
Treatments 365.00 2 182.50 . 19 <.828
Error 17268.33 18 959.35
TABLE 83
ANALYSIS OF VARIANCE FOR LIFTTASK OF 
PEAK FORCE AT 30 INCHES PER SECOND
Source SS df MS F P
Total 134123.36 29
Subjects 115874.70 9
Treatments 2290.06 2 1145.03 1.29 <.299




VARIANCE FOR LIFTTASK OF 
AT 36 INCHES PER SECOND
Source SS df MS F P
Total 132650.76 29
Subjects 126945.36 9
Treatments 578.40 2 289.20 1.02 <.382
Error 5126.93 18 284.82
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TABLE 85
ANALYSIS OF VARIANCE FOR LIFTTASK OF
TOTAL WORK AT 24 INCHES PER SECOND
Source SS df MS F P
Total 868860.80 29
Subjects 802266.13 9
Treatments 788.60 2 394.30 .11 <.898
Error 65806.06 18 3655.89
TABLE 86
ANALYSIS OF VARIANCE FOR LIFTTASK OF 
TOTAL WORK AT 30 INCHES PER SECOND
Source SS df MS F P
Total 728617.50 29
Subjects 631253.50 9
Treatments 13741.40 2 6870.70 1.48 <.254




VARIANCE FOR LIFTTASK OF 
AT 36 INCHES PER SECOND
Source SS df MS F P
Total 613442.70 29
Subjects 552953.36 9
Treatments 4410.20 2 2205.10 .71 <•505
Error 56079.13 18 3115.50
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TABLE 88
ANALYSIS OF VARIANCE FOR LIFTTASK OF AVERAGE
POWER AT 24 INCHES PER SECOND
Source SS df MS F P
Total 702745.86 29
Subjects 643989.20 9
Treatments 5177.26 2 2588.63 .87 <.436
Error 53579.40 18 2976.63
TABLE 89
ANALYSIS OF VARIANCE FOR LIFTTASK OF AVERAGE 
POWER AT 30 INCHES PER SECOND
Source SS df MS F P
Total 962759.46 29
Subjects 830144.13 9
Treatments 15105.06 2 7522.53 1.16 <•336
Error 117540.26 18 6530.01
TABLE 90
ANALYSIS OF VARIANCE FOR LIFTTASK OF AVERAGE 
POWER AT 36 INCHES PER SECOND
Source SS df MS F P
Total 1367785.36 29
Subjects 1272226.03 9
Treatments 6126.86 2 3063.43 .62 <.550
Error 89432.46 18 4968.47
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Of particular importance in employing isokinetic 
equipment within the present expository investigation are 
its obvious benefits associated with clinical applications. 
Specifically, isokinetics provides an efficient use of 
muscle force by resisting a dynamically contracting muscle 
maximally throughout a full range of motion. Moreover, it 
reduces the likelihood of physical injury by allowing the 
subject's force output to meet the resistance generated by 
the machine; thus, creating less risk potential for 
overloading the musculoskeletal system. Additionally, 
inherent within isokinetic resistance equipment is the 
ability to decrease resistance accordingly to less force 
production and providing a safe means of performance in the 
likelihood of neuromuscular pain or fatigue. Lastly, 
isokinetic equipment can provide a wide variance in speeds 
for testing and training the musculoskeletal system. Its 
contributions to orthopaedic and sports rehabilitation has 
also been well substantiated.'*
Compared to previously conducted investigations 
utilizing isotonic resistance parameters^ the present study 
provided an opportunity to ascertain differences relative 
to the effects of various lumbar/sacral supports upon peak 
muscular force, total work, and average power. The results 
were demonstrated quantitatively against an isokinetic 
resistance at various speeds of contraction. The present 
study also provided a means to examine the presently
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marketed CompVest back support against an experimental 
support and control.
Results obtained by Wu^ and Jones, McEvoy, Mills, 
Nash, and Perkins? on the effects of the CompVest back 
support are dubious. Upon analysis, Wu® and Jones et al9 
offer little in the way of providing any substantial 
external validity for the use of the CompVest as a 
prophylactic back support system. However, while the 
studies suffered methodologically, they did offer some 
insight into the quantitative analysis of various human 
performance variables. Additionally, they provided a forum 
to conclude the need for a more quantitative approach in 
studying the effects of the CompVest back support during 
simulated lifting tasks.
Results obtained in the present study do not support 
any particular differences associated in wearing the 
CompVest back support in simulated lifting tasks as was 
demonstrated in investigations conducted on the CompVest by 
Wu,10 and Jones et al.11 However, contrasting the CompVest 
with this investigation's controlled conditions, total work 
at 90°/sec-l for trunk flexion was marginally significant 
(£<•092) with a mean difference of 8.5 foot pounds (table 
40). Torque at 60°/sec”  ̂ for left rotation was found 
significant when comparing the CompVest with the control 
condition (p<.028) with a mean difference of 13.5 foot 
pounds (table 76). Work at 60°/sec-  ̂ for trunk flexion was
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found to be marginally significant (£<.078) with a mean 
difference of 9.7 foot pounds when comparing the CompVest 
with the control conditions (table 39). No particular 
rational can be directed for these results other than to 
suggest a chance occurrence.
The results of the present study do support those 
findings as described by Morris, Lucas, and Bresler12 
relative to denoting changes in trunk muscle activity and 
intra-abdominal pressure (IAP). Morris et al -̂2 observed 
that when large forces are involved about the trunk similar 
to those imposed with the Cybex trunk flexion/extension 
system, there is a need to increase the rigidity of the rib 
cage with simultaneous compression of the abdominal 
viscera. This accounts for the increased electrical 
activity of the trunk muscles during forced flexion without 
restraint. Upon review of those performance tasks denoting 
significance within the present investigation, mean values 
for trunk flexion activity for total work and peak torque 
existed across all speeds with either the CompVest or 
control conditions denoting significantly higher values 
when compared to the study's experimental back support. A 
high level of statistical significance was noted for 
average power at 30°/sec“  ̂ in trunk flexion when comparing 
the experimental support with the controlled condition 
(p<.002) (table 42). Similar results existed for work at 
30°/sec“l in trunk flexion when comparing the experimental
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support with the control (£<.002) (table 38). A left 
rotation of torque at 150°/sec"l also noted a high level of 
significance (£<.009) when comparing the CompVest with the 
experimental support (table 77). The rationale for this 
occurrence may be because the sample selected for study was 
right side dominant and would demonstrate a propensity for 
left trunk rotation due infact to crossed reciprocal 
patterning.There, however, is no substantiation for 
this hypothesis relative to the use of the Cybex trunk 
rotation system and further clarification is needed as to 
the compilation of normative data on the force productions 
of right and left sided dominance demonstrated in trunk 
rotational performance tasks. A review and analysis of 
such information could potentially impact noteworthy 
implications as to screening individuals in various 
industrial work tasks by limiting or preventing certain 
movements through education, environmental adaptation, or 
physical bracing. The results of such an investigation 
could assist in providing for an ergonomically efficient 
industrial work environment.
While electromyography and IAP were not recorded in 
the present investigation, the results of the quantitative 
forces generated at various speeds of isokinetic contrac­
tion help confirm earlier studies by Morris et al.15 It 
appears that IAP's are not necessarily altered by the use 
of a corset with electrical activity about the trunk
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(internal/external transverse obliques and abdominals) 
being decreased. This may account for the lower values 
obtained in the present study when performing a trunk 
flexion movement at various speeds with the experimental 
and CompVest back support systems against a control. The 
experimental back support was shown to be statistically 
significant when compared with the controlled condition or 
marginally significant when compared with the CompVest. In 
either case, the values demonstrated for the experimental 
back support were always lower.
Theoretically related investigations conducted by 
Garg and Herrin,16 and Troup, Leskinen, Stalhammar and 
Kuorinka1” noted various biomechanical and metabolic 
changes in lifting without restraint. Given the controlled 
condition of the present investigation, certain implication 
may hold relative to supporting earlier investigative 
efforts. In particular, Troup et al16 noted changes in 
IAP, peak lumbosacral conpression, peak lumbosacral 
compression over time, and hip torque when comparing 
various lifting styles. IAP appeared to increase 
significantly in those lifting styles where the axial 
anatomy was more near to the vertical. Hip torque and 
lumbosacral compression were significantly higher in both 
the trunk and back related styles. Garg and Herrin,1  ̂
noted that the stooped back posture minimizes lumbosacral 
disc compression for loads greater than 5 kg. Also, the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
77
metabolic costs effects favor stooped posture over squat 
posture in terms of lower heart rates and metabolic energy 
expenditures for any given load.20 Thus, the squat posture 
can theoretically contribute to greater physical fatigue 
than a stooped posture and perhaps predispose injury. 
Biomechanical results from previous investigations,21 
however, support the conclusion that in order to reduce 
muscle and vertebrae stress a minimization of load and the 
utilization of more frequent lifts are suggested. Given 
normal conditions, a safe combination of stoop and or squat 
postures may be entertained as a means to prevent back 
overuse and disuse. The relationship of the work conducted 
by Garg and Herrin22 and Troup et al23 relative to the 
present study may hold certain implications to suggest the 
use of a lumbosacral support to reduce compressive forces 
of the lumbar/sacral disc generated by various lifting 
styles along with decreasing abdominal wall activity and 
maintaining IAP when the abdominal cavity is supported. 
However, the long term negative aspects of utilizing a back 
support similar to those described in the present study may 
predetermine abdominal and oblique muscle atrophy which is 
considered detrimental and may ostensibly predispose one to 
muscle skeletal disuse syndromes. Nevertheless, given 
sedentary lifestyles of many industrialized populations, a 
back support may be considered an axiologically appropriate 
alternative.
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In summary, the etiology of back pain and injury has 
been clinically d e m o n s t r a t e d . 24 For the most part, 
musculoskeletal disuse and misuse along with faulty 
biomechanics causes most related back conditions. 
Biomechanically, weak abdominal muscles changes the normal 
lumbar/sacral posture and predisposes the lumbar/sacral 
joint to a more lordotic position with potential injury.
By placing the trunk in the flexed position with rotation, 
the vertebral facets separate and places torque upon the 
annular fibers causing potential herniation of the nucleus 
p u l p o s u s . 2 5  By providing some type of lumbar/sacral 
support similar to the CompVest or the experimental brace 
utilized in the present study, implication may hold to 
suggest that an axial load may be transferred from the 
spine to the abdominal cavity by maintaining or 
proportionally increasing IAP while decreasing abdominal 
muscle activity and reducing the potential of intradiscal 
rupture or herniation.
It should be noted that the structural differences 
between the CompVest back support and this study's experi­
mental brace rest with the fabrication of an abdominal pad 
placed between the subjects pelvic bony landmarks for the 
experimental brace. The results suggest that the use of an 
abdominal pad in conjunction with the materials and 
dimensions of fabrication for the experimental brace, may 
provide a unique type of back support which produces
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statistically significant changes relative to the produc­
tion of various human performance variables. This ration­
ale is formulated on the basis of earlier work conducted by 
Morris et al.26 Specifically, the term back support must 
be interpreted in the broadest sense to rationalize the 
maintenance of trunk stability without spinal deformity or 
morphological damage. An explanation of the present 
findings may also be interpreted on the bases of normal 
structural considerations about the trunk. Specifically, 
(1) the spine is essentially a segmented column supported 
by the paraspinal musculature which attaches anteriorly to 
both the thoracic and abdominal cavities;27 (2) action of 
the muscles through movement creates a rigid mass with the 
capability of transferring forces from the spine to the 
trunk;28 (3) contraction of the trunk musculature creates a 
system of pressurized rigid chambers in the thorax and 
abdominal cavities which are filled with air and a semi­
fluid mass, respectively;29 and (4) IAP increases with the 
strain of muscle contraction.30 when, however, the 
compression about the trunk is accomplished by a support 
system, there is little need for contraction of the 
abdominal wall muscles despite the fact that IAP remains 
consistent.31 Thus, the contracted muscles of the abdomi­
nal wall or a rigid external apparatus act to contain 
abdominal contents in a compressed state which are capable 
of transferring force.32 The CompVest back support did not
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demonstrate such related changes. It, therefore, is 
concluded that the experimental brace employed in the 
present investigation may hold certain implications as an 
appropriate low back support. Further investigations are 
essential in order to demonstrate its effect on other more 
physiologically oriented human performance variables.
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CHAPTER V
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
Summary
Ten well conditioned male volunteers were utilized in 
this investigation to test the effects of two lumbar/sacral 
back supports upon peak muscular force, total work, and 
average power. Each subject volunteered individually to 
participate and was required to read and sign an informed 
consent form prior to participating in the investigation. 
All subjects participated maximally and followed the 
prescribed protocols outlined prior to testing throughout 
the entire investigation.
The independent variable was a lumbar/sacral back 
support at two separate and distinct levels. One condition 
utilized the CompVest back support provided by Comp- 
Equipment Corporation, St. Paul, Minnesota with the second 
condition being an experimental back support developed by 
the principal investigator. The order of administration of 
the various treatments was counterbalanced. The order of 
treatments was unknown to the subjects. The investigative 
design was quasi-experimental with a reported measures 
(treatment-by-subjects) methodology.
83
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The testing protocol consisted of three back testing 
devices developed by Cybex, Incorporated. The performance 
tasks consisted of the Cybex trunk extension/flexion (TEF), 
trunk rotation (TR), and lifttask (LT) testing systems. 
Resistance in movement was isokinetic. Preliminary periods 
of instruction and practice were given with each subject 
for familiarization of the investigative protocol.
Subjects were instructed in various warm-up exercises prior 
to testing and to give a maximal effort during the various 
testing sequences. Subjects were required to perform these 
testing treatments during a one day session and to repeat 
the three testing treatments during three separate ses­
sions. An interval of seven days was provided for each 
subject for rest between testing. Each subject experienced 
the three testing treatments with each lumbar/sacral back 
support and without any back support device. A total of 
nine treatments were given for each of the ten subjects for 
a total of ninety treatments.
The resultant data from the three dependent variables 
(peak force, total work, and average power) were subjected 
to an analysis of variance with repeated measures. A post- 
hoc Scheffe test was incorporated in the event a sig­
nificant F-ratio was demonstrated. Omega Squared values 
followed for further insight and clarification.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
85
Conclusions
There were no substantially significant effects 
existing for peak force, total work, or average power with 
the two lumbar/sacral back supports recorded during the 
following proceeding measures in section one. Statistical 
significance did exist for those following proceeding 
measures stated in section two.
1. Lifttask sequences of 24, 30 and 36 inches per 
second; trunk extension at 30, 60, 90 and 120 
degrees per second; right trunk rotation at 60, 
90, 120 and 150 degrees per second; peak torque 
for left rotation at 90 and 120 degrees per 
second; total work and average, power for left 
rotation at 60, 90, 120 and 150 degrees per 
second; or for average power for trunk flexion at 
60, 90, and 120.
2. Significance did exist for trunk flexion of peak 
torque at 30 degrees per second (p<.01); 90 
degrees per second (£<.01); and 120 degrees per 
second (£<.04); trunk flexion of peak torque at 
60 degrees per second was marginally significant 
(p<.09); trunk flexion of total work at 30 
degrees per second (£<.008); 60 degrees per 
second (£<.03); 90 degrees per second (£<.03) and 
120 degrees per second (£<.02). Trunk flexion of 
average power at 30 degrees per second (£<.007);
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left trunk rotation of peak torque at 150 degrees 
per second (£<.02); and left trunk rotation of 
peak torque at 60 degrees per second was found to 
be marginally significant (£<.08).
Data from the study assists in affirming earlier 
investigations relative to changes in human lifting 
kinetics under supported conditions and denies some claims 
made relative to the use of the CompVest back support by 
CompEquipment Corporation, St. Paul Minnesota. Of par­
ticular interest is the impact the present investigation 
offers to the urban/industrial environment. Specifically, 
outcomes of the present study suggest that certain implica­
tions can be made relative to the improvement of lumbar/ 
sacral support during simulated lifting tasks. The 
incorporation of this conjecture by industrial/urban 
environments may result in a reduction of back related 
injuries and the containment of health related cost. These 
initiatives are met with the modification of worker lifting 
behavior.
The present study does not support the CompVest back 
support as a prophylactic device. Past investigative 
efforts testing the effectiveness of the CompVest produced 
polemical data. As a result, certain disputations regard­
ing the effectiveness of supporting the low back in lifting 
tasks remain unclear.
In conclusion, the results of the present study
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assist the urban/industrial environment in developing 
policies relative to the use of low back supports within 
the work place. The results also assist industry in 
further evaluating the effectiveness of the presently 
marketed CompVest back support. Additionally, the use of 
the Cybex back testing systems demonstrated an effective 
means for industry and related urban environments to screen 
workers relative to various lifting tasks. Worker screen­
ing of this nature can present objective data essential in 
reducing the incidence of injury and contain related costs 
associated to worker injuries in the urban environment.
Recommendations for Further Study
As a result of this investigation, various observa­
tions were noted to warrant additional study into the 
effects of lumbar/sacral supports upon selected human 
performance variables. Future studies may consider the 
investigation of the following:
1. the effects of lumbar/sacral support on intra­
abdominal and intra-thorasic pressures
2. the effects of lumbar/sacral support on intra- 
aiscal pressures
3. the effects of lumbar/sacral support on metabolic 
and biomechanical parameters inherent in human 
lifting
4. a longitudinal study on the effects of various
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types of lumbar/sacral supports in industrial 
work environments
5. the effects of lumbar/sacral support on both 
selected qualitative/quantitative electromyo­
graphy.
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INFORMED CONSENT
I, , hereby consent to voluntarily
participate in this research project to determine the 
effects of various lumbar/sacral back support systems upon 
selected human performance variables. It is my 
understanding that the purpose of the investigation is to 
determine the effects associated with restricting spinal 
movement upon human peak muscular force, total work and 
average power. It is also my understanding that I will be 
given a thorough physical examination provided at no cost 
by a licensed physician. The purpose of this examination 
will be to determine if I have any contraindications to 
back movement or related activity that may limit my 
performance in the investigation. To my knowledge, I do 
not have any back or back related problems or injuries.
The back tests which I will undergo will be performed 
on three back testing systems by Cybex. The back testing 
tasks will consist of the trunk extension-flexion (TEF), 
trunk-rotation (TR) and lifttask testings system as 
developed by Cybex. I understand that I will be required 
to perform the back testing tasks while wearing two 
different types of back braces and perform the same back 
testing tasks without any brace.
The subject information which is obtained will be 
treated as confidential. The information obtained may be 
used for science and scientific publication with my right 
of privacy retained.
I understand that the main benefit of this 
investigation is to obtain information relative to the 
prevention of trauma related back injury.
I understand that I am free to withdraw from this 
experiment at any time without consequence.
I have read the foregoing and I understand it, any 
questions which may have occurred to me have been answered 
to my satisfaction. By executing this document, I hereby 
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